Control of Phase Locked Loop during Change of Synchronisation 
Source 

^ Field of the Invention 

This invention concerns a function taking place in a digital phase 
lock, when it is desired to exchange a synchronisation signal supplied to the 
phase lock for another synchronisation signal. 

Technical Background 

In telecommunication systems, node equipment transmits and re- 
ceives data from each other through a transmission network connecting the 
nodes. Data cannot be received correctly unless the clock of the receiving 
circuit is synchronised with the frequency and phase of the incoming data. 
Almost without exception, the clock frequency of the receiving circuit is 
formed by a PLL (Phase Locked Loop). 

The purpose of the phase lock is to remove jitter, migration and 
other interfering components occurring in the synchronisation signal. A long 
transmission distance will affect signal quality, and a distorted input signal 
makes great demands on the clock signal regeneration block. 

If a trouble situation occurs on the route of the synchronisation 
signal, another synchronisation source may have to be used, whereby the 
phase lock will exchange the synchronisation source, which worked as refer- 
ence, for another synchronisation source. Also during a change of the net- 
work structure and during network element updates such a situation may 
occur, when the phase lock of the receiving equipment must change the 
synchronisation source. The phase lock must be able to cope also with such 
situations. 

A typical phase lock structure is shown in Figure 1. The phase 
difference meter 13 compares the phase difference between signal P1 se- 
lected as reference signal and signal P2 formed by dividing from oscillator 
signal P3 by calculating, how many pulses of oscillator signal PS can be 
accommodated between the rising or falling edges of the signals to be com- 
pared. For example, the frequency of signal P2 may be two times the fre- 
quency of signal P1. The frequency of signal P3 is considerably higher thari^ 
the frequencies of signals P1 and P2. 
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Microcomputer 14 must form a control word for the D/A converter. 
The control word is obtained from the results of measurements performed by 
phase difference meter 13. From measurements obtained during a certain 
measuring period, the microcomputer calculates an average, which together 
5 with an average calculated earlier is used for forming the control word. 

D/A converter 15 converts the control word from digital form into 
analog form, which after the conversion is supplied to crystal oscillator 16. 
The crystal oscillator generates signal P3, which is used for generating signal 
P2 for use in the phase difference measurement. 
10 Divider 18 receives signal P3 from cut-off circuit 17 of the oscilla- 

tor signal. The cut-off circuit is intended to control the exchange of synchro- 
nisation signal sources. If for some reason it is desired in selection circuit 12 
p to exchange the signal of synchronisation source 10 for the signal of another 

^3 synchronisation source 1 1 , then the microcomputer 14 of the phase lock will 

Kj 15 with signal CUTC prevent the oscillator signal from having access to the 
W divider forming signal P2 for a time T at a time. After the cut-off, the phase of 

signal P2 seen by the phase difference meter will transfer by time constant T 
s compared with the phase of signal PI, By performing a suitable number of 

signal cut-off operations and by reading the value of the phase difference 
^ 20 meter after each cut-off, it is possible to set the phase difference of signals 
PI and P2, whose phases are compared, with an accuracy of time constant 
ij T at the average SETM of the phase meter. Thus, the phase difference is 

transferred by successive cut-offs as close as possible to the above- 
mentioned average. 

25 Figure 1 shows the structure of a typical state-of-the-art phase 

lock. It is obvious that the structure can also be of another kind. For example, 
divider 18 and the signal cut-off function 17 may be functionally connected 
between selection circuit 12 of the synchronisation input and phase differ- 
ence meter 13. Hereby the microcomputer will give a cut-off command CUTC 

30 to cut off signal PI. There may be a divider and a cut-off circuit also in both 
the places mentioned. 

In Figure 2 a dashed line illustrates a situation, where a cut-off 
operation taking place during a change of synchronisation signal has allo- 
cated the phase of signal P2 at a desired value with a precision of time con- 

35 stant T. The selected setting value is an average SETM of the maximum 
possible number of pulses between the above-mentioned rising or falling 




edges. Signal P2 shown by a solid line shows the desired relative location of 
phases. 

Figure 3 shows a time slot of the calculation to be performed in 
the phase difference meter. In this example, the calculation starts from the 
5 rising edge of signal P1 and ends at the following rising edge of signal P2. 

The phase lock is started after the phase setting described above, 
whereby the phase difference will set at setting value SETM within a certain 
setting time. During the setting time, such an undesirable phase transfer 
occurs in the output signal of the phase lock, which may cause transfer er- 
1 0 rors or e.g. buffer overflows. 

Figure 4 illustrates in flow chart form a state-of-the-art method fo 
changing the synchronisation source in a phase lock. When a decision on 
exchange of synchronisation signal is desired in the system (step 48), a 
change measure is taken (step 41). If a change of synchronisation signal is 
15 not desired, the phase lock continues to maintain the phase difference at its 
setting value SETM (step 47). 

After the change of synchronisation signal, the phase difference 
meter measures the phase difference SETC (step 42). The measurement 
^ valu e of the jphase difference meter is conipare d with t he^base "difference 
20 s.e.tling-value-.(slgp 43). If the absolute value of their difference is higher than 
the value of time constant T, an oscillator signal cut-off operation is per- 
formed (step 44) by giving a CUTC command. But if the said absolute value 
is lower than or equal to the value of time constant T, then the adjustment 
algorithm of the phase lock is started in step 45. The adjustment algorithm 
25 aims at adjusting the phase difference at its setting value SETM (step 46). v 
When the setting value is reached, the adjustment algorithm will aim at 
maintaining the phase difference at its setting value (step 47). ■y' 

The phase transfer occurring in the change of synchronisation 
source is a problem with the state of the art described in the foregoing. This 
30 phase error is seen in the output signal, and it may cause trouble situations, 
such as e.g. transfer errors or buffer overflows. 

The present invention aims at avoiding the described state-of-the- 
art problem. This aim is achieved in the manner described in the independ- 
ent claims. 

35 



Brief Summary of the Invention 

The method in accordance with the invention at first works in the 
same manner as described above during a change of synchronisation 
source. The phase difference between the selected reference signal and the 
5 signal formed by dividing from the oscillator signal is set with the aid of cut- 
off circuit at the setting value of the phase difference with time constant ac- 
curacy. 

Thereupon, in the method according to the invention, the current 
value of phase difference obtained by cut-off circuit is in fact used as a 
10 steady state setting value, instead of the average value of the phase differ- 
ence meter or any other predetermined fixed value. Thus, the method ac- 
cording to the invention begins using a reference signal-specific current 
value as the setting value. Since the setting value is thus adaptively deter- 
D mined according to the signal of the current synchronisation source, no 

li 1 5 phase transfer will occur during the change. 
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List of Figures 

In the following, the invention will be described in greater detail 
with reference to the examples in Figures 2... 6 shown in the appended 
«y 20 drawings, wherein 
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Figure 1 shows a state-of-the-art phase lock circuit, 
\:A Figure 2 shows allocation by cut-off circuit of signals, whose phases are to 

be compared, 

25 Figure 3 shows calculation performed by a phase difference meter be- 
tween rising edges, 

Figure 4 illustrates in flow chart form the operation of a state-of-the-art 
phase lock during a change of synchronisation source, 

Figure 5 shows phase value setting in accordance with the invention, and 
30 Figure 6 illustrates in flow chart form the operation of a phase lock accord- 
ing to the invention, during a change of synchronisation source. 

Description of the invention in Detail 

The adjusting function of the phase lock can be divided into two 
35 parts: into a normal adjustment mode and into a reference signal exchange 
mode taking place during a change of synchronisation source. In the normal 
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adjustment mode, the phase lock aims at keeping the crystal oscillator fre- 
quency as close as possible to the reference source frequency, while in the 
exchange mode the phase lock aims at setting the crystal oscillator fre- 
quency as close as possible to the reference source frequency. 
5 It should be noted, that during the change of synchronisation 

source the adjustment algorithm thus works in two different modes of opera- 
tion: first in the exchange mode, and thereupon in the normal mode, which 
adjusts the oscillator signal into the final desired phase. 

Figure 3 shows calculation taking place in the phase difference 
10 meter. The phase comparator calculates, how many pulses of signal P3 can 
be accommodated between the rising edge of signal P1 and the rising edge 
of signal P2. The adjustment algorithm of the microcomputer has a setting 
£3 value for a number of pulses, by which the phase lock attempts to keep the 

P phasing in place. 

15 The normal mode of the phase lock tries to keep the phasing at 

J| this desired setting value. However, during a change of reference signal, the 

phase difference of signals P1 and P2 may be so great, that the desired 
phasing with a certain accuracy is achieved in a shorter time with the cut-off 
operation of the oscillator signal described in the foregoing. 
20 The SETM setting value is an originally fixed value already pro- 

[U grammed at tTieTactoi7~ir^ microcomputer. As was de- 

r3 

ll scribed above, successive cut-off steps can be taken to allocate signal P2 at 

the SETM setting value with an accuracy of time constant T. SETC is the 
current value of the phase difference obtained as the result of the phase 

25 difference measurement after the last cut-off. Figure 5 shows the SETC 
value thus obtained in relation to signals PI and P2. By setting SETC as the 
desired phase difference value instead of SETM, the fixed phase difference 
value, no such phase transfer will occur, which is shown in Figure 2, but the 
phase lock is directly at its desired value after the cut-off connection taking 

30 place during the change of synchronisation signal. The normal mode of ad- 
justment may begin operating from an ideal situation. Signal P2 shown in 
Figure 5 by a solid line depicts a signal stage, where the phase lock is going 
over to the normal mode. The signal drawn with a dashed line illustrates a 
situation, into which signal P2 ought to set in the phase lock's normal mode, 

35 if the SETM value would be used as the setting value. 
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The method according to the invention, is shown as a flow chart in 
Figure 6. In other respects the function is similar to the known method de- 
scribed above, but differences will occur after signal P1 or P2 is directed by 
successive cut-off steps close to the setting value of the phase difference 
(step 63). Before going over to the normal mode of the phase lock, the phase 
lock's adjustment algorithm is given SETC, the phase difference current 
value obtained from the phase difference measurement as the result of 
transfer of signal PI or P2, as a new setting value of the phase value (step 

65) . Only thereafter the phase lock's adjustment algorithm is started (step 

66) . Thus, the state-of-the-art adjustment of the phase difference at its set- 
ting value as shown in Figure 4 (step 46) is left out. 

Thus, the method according to the invention moves on from the 
use of a fixed setting value of the phase difference to a synchronisation 
signal-specific measurement value of the phase difference. The change of 
setting value takes place in the exchange mode of the synchronisation 
source, when it is noticed that the phase difference is sufficiently close to a 
certain fixed value. For this reason, the change of synchronisation signal will 
not cause any phase transfer in the output signal of the phase lock. 

Although the invention was described above with reference to the 
examples shown in the appended drawings, it is self-evident to professionals 
in the branch that the invention can be modified within the scope of the in- 
ventive idea described above and in the appended claims. The solution can 
be applied in different operating environments and applications. For exam- 
ple, phase transfer of the signal to be compared can also happen in other 
ways than by cutting off the signal. 



